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[57} ABSTRACT

A semiconductor device comprises a semiconductor
substrate, a semiconductor layer of a first conductivity
type formed on said semiconductor substrate, a first
semiconductor well region of a second conductivity
type and second semiconductor well regions of the
second conductivity type, the latter two types of re-
gions being formed in said semiconductor layer. The
first semiconductor well region is located at the periph-
eral area of the semiconductor, and the well is deeper
than the well of the second semiconductor well regions.
Third semiconductor well regions of the first conduc-
tivity type are formed in the second semiconductor well
regions. Gate electrodes and an emitter (source) elec-
trode are formed at specified positions on the upper
surface of the semiconductor device, and a collector
(drain) electrode is formed on the bottom surface.

16 Claims, 8 Drawing Sheets
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SEMICONDUCTOR DEVICE AND
MANUFACTURING METHOD THEREFOR

This application is a continuation of application Ser.
No. 536,521, filed on Jun. 12, 1990, now abandoned.

BACKGROUND OF THE INVENTION

The present invention relates to a semiconductor
device having an insulated gate, and particularly to a
semiconductor device having a structure for high-speed
operation and excellent breakdown strength.

Recently, power MOSFETs (Metal-Oxide-Semicon-
ductor Field Effect Transistors) and IGBTs (Insulated
Gate Bipolar Transistors) have come to be used in large
quantities as power switching devices with high break-
down strength, which can operate at high frequencies.
For example, such power switching devices are dis-
closed in U.S. Pat. No. 4,532,534 and Fuji Jiho, Vol. 61,
No. 11, pp. 697-700. FIG. 5 shows a schematic diagram,
as viewed from the surface, newly drawn for explaining
these devices conceptually. In a power MOSFET or
IGBT 1, first insulated gate electrodes 4 are formed in
stripes on a semiconductor substrate 1, and these first
insulated gate electrodes 4 are electrically connected to
a second insulated gate electrode 6 surrounding the first
insulated gate electrodes 4. Reference numeral 10 indi-
cates an electrode wire supplying control power to the
insulated gate electrodes 4, 6.

FIG. 6 shows a cross-sectional structure taken along
the line VI—VI of FIG. §.

In FIG. 6, the semiconductor substrate 1 has a couple
of main surfaces 101, 102, and has an+ or p* substrate
region 11 of high impurity concentration formed adja-
cent one main surface 101, an n— layer 12 of low impu-
rity concentration formed adjacent the substrate region
11, and a plurality of p-type layers 113 of higher impu-
rity concentration than that of the n— layer 12 formed
geometrically separated from one another in the n—
layer 12. In each p-type layer 113, there are formed
separately two n+ layers 114 of higher impurity con-
centration than that of the p-type layer 113. In a unit
cell region of the semiconductor device, the p-type
layer 113 is contiguous to a p+ layer 115 which has a
well deeper than that of the p-type layer 113. At the
other main surface 102, an n— layer 12, the p-type layers
113, and the n+ layers are exposed. A collector elec-
trode 2 is in ohmic contact with the surface of the sub-
strate region 11, while at the other main surface 102, an
emitter electrode 3 is in ohmic contact with two nt+
layers 114, the p-type layers 113 located between the
two n+ layers 114, and p+ layers 115. First insulated
gate electrodes 4 are formed, with interposition of an
insulating film 5, such that they extend from above the
n— layer 12, over and beyond the p-type layers 113, to
the n+ layers 114. In the peripheral area of the semicon-
ductor device, the p-type layer 113 is contiguous to the
p+ layer 115 located closer to the periphery and having
a well deeper than that of the p+ layer 115. A second
insulated gate electrode 6 is formed on the p+ layer
with interposition of a thick insulating film 7. The emit-
ter electrode 3 is insulated from the first and second gate
electrodes 4, 6 by an insulating film 8.

As described above, a power MOSFET or an IGBT
is divided into the region (A) where a unit cell centering
around the first insulated gate electrode 4 is formed
repeatedly and the peripheral region other than the
region @
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To turn on such a semiconductor device, the collec-
tor electrode 2 is put at a positive potential relative to
the emitter electrode 3, and the first and second insu-
lated gate electrodes 4, 6 are put at potential positive
relative to the emitter electrode 3. Under this condition,
the surfaces of the p-type layers 113 contiguous to the
insulating film 5 is inverted into n-type, and electrons
flow through the emitter electrode 3 to the n+ layers,
the n-type inverted layers, and the n— layer 12, and into
the p+ substrate region 11. As a result, the injection of
holes @ having positive charges from the p~ substrate
region is promoted, and the holes flow through the n—
layer 12 and the p-type layers 113 into the emitter elec-
trode 3. By the flows of the electrons and holes, an
electric current flows from the collector 2 into the emit-
ter electrode 3. To switch the semiconductor device
from the ON state to the OFF state, it is only necessary
to remove the potentials from the first and second insu-
lated gate electrodes 4, 6. Then, the n-type inverted
layer will disappear, and the electron current is cut off,
with the result that the injection of holes stops and the
current stops flowing.

For the IGBT, the substrate region 11 is of p+ type,
and therefore, an IGBT is formed in a four-layer struc-
ture comprising a p+ substrate 11, n— layer 12, p-type
layer 113, and n+ layer 114. Therefore, the IGBT has a
parasitic thyristor formed therein. Once the parasitic
thyristor has started to operate, it becomes impossible to
control their operation with the first and second insu-
lated gates 4, 6, leaving the current to multiply, result-
ing in the device being destroyed by Joule heat. This is
referred to as a latchup. This latchup can occur not only
in the region (A) but also in the region (B). In some
device structures, the region is more susceptible to
a latchup, and the breakdown strength of the IGBT is
determined by the region . FIG. 6 shows a device
structure in which preventive measures have been em-
ployed. Specifically, by having the p-type layer 113 and
the p+ layer 115 contiguous to each other, the electron
current is prevented from flowing through the n+ layer
114 located in the region . In other words, the pe-
ripheral p+ layer 115 is given a higher carrier concen-
tration than the p-type layer 113 so that the peripheral
p+ layer 115 is less liable to be inverted to n-type under
the second insulating gate 6. At the same time, the insu-
lating film 7 is made thick. In consequence, the quantity
of holes @ present in the region is made smaller
than in the region (A), and a voltage drop in the p-type
layer 113 -and the peripheral pt+ layer 115 which is
caused by the resistance Rp below the n+ layer 114 and
the hole current is made lower than the diffusion poten-
tial (about 0.7 V at room temperature) of the p-type
layer 113, the peripheral p+ layer 115, and the n+ layer
114, making it impossible for a latchup to occur in the
ordinary ON state. In addition, since the peripheral p+
layer 115 is short-circuited to the emitter electrode 3 at
the boundary between the regions (A) and (B), a small
amount of holes is collected quickly in turning off the
device, thus reducing the turn-off time.

On the other hand, a device of this structure in which
the substrate region 11 is an n+ layer is a power MOS-
FET. To turn on the power MOSFET, like in the
IGBT, while the collector electrode (drain electrode) 2
is placed at a positive potential, a positive potential is
applied to the first and second insulated gate electrodes
4, 6. Thus, an inverted layer is produced in that part of
the p-type layer just below the surface of the insulating
layer 5, electrons flow through the n+ layers 114, the
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inverted layers, the n— layer 12 to the n+ substrate
region 11, and as a result, an electric current flows from
the drain electrode 2 to the emitter electrode (source
electrode) 3. To turn off this power MOSFET, it is only
necessary to remove the potential from the insulated
gate electrodes. Then, the inverted layers disappear, so
that the current is cut off. In the meantime, the power
MOSFET includes p-n diodes each comprising an n+
substrate region 11, an n— layer 12, and a p-type layer
113 (peripheral p+ layer 115). Some attempts have been
made in the application of this p-n diode as a feedback
diode. For example, when a potential is applied to the
source electrode 3 of the power MOSFET, which is
positive with regard to the drain electrode 2, a current
is supplied in the forward direction by using this diode.
In this process, holes @ are injected into the n— layer 12
from the p-type layer 113 and the p+ layer 115. Next,
the moment the source electrode becomes negative
with respect to the potential at the drain electrode 2, the
holes @ are attracted to the source electrode 3. In this
case, if the peripheral p+ layer 115 is short-circuited to
the source electrode 3 in the vicinity of the peripheral
pt layer 115, the peripheral p+ layer to serve as a
resistance when the holes are attracted to the source
electrode 3 is reduced in length, permitting the diode to
recover at high speed. At this time, the current of holes
@ flow through the p-type layer 113 (peripheral p+
layer 115) beneath the n+ layer 114 located closest to
the peripheral region .

In the device of FIG. 6, the IGBT or the power
MOSFET is not so constructed as to securely prevent
the parasitic thyristor or the parasitic transistor from
operating when the device is switched from the ON
state to the OFF state at high speed, and therefore is
liable to be destroyed. More specifically, the p-n junc-
tion is forward-biased by the resistance Rp of the p-type
layer 113 (peripheral p+ layer 115) bepeath the n+
layer 114 closest to the peripheral region , and by the
current of injected holes @ and the discharge current of
the p-n junction. As a result, the parasitic thyristor
(parasitic transistor) comprising the p+ substrate (n+
substrate) 11, the n— layer 12, the p-type layer 113, and
the n+ layer 114 is put into operation, which has been a
problem.

Furthermore, in the device of FIG. 6, the p-ty]
layers formed in the n— layer 12 on both the regions
and @ have the same depth. Therefore, due to a tran-
sient voltage which occurs in the transient state causing
avalanching to take place in the whole area including
the region (A)), and the device becomes uncontrollable
by the operation of the parasitic thyristor (parasitic
transistor).

The present invention has been made with a view to
providing an IGBT or a power MOSFET constructed
such that a parasitic thyristor or a parasitic transistor
does not operate while the switching function, particu-
larly the high-speed turn-off function, is maintained.

SUMMARY OF THE INVENTION

An object of the present invention is to realize a semi-
conductor device which can perform high-speed
switching, particularly a high-speed turn-off action, and
which has a high insulation capacity (high voltage
blocking capacity), and also to realize a manufacturing
method therefor.

Another object of the present invention is to realize a
semiconductor device capable of preventing a latchup
phenomenon which is caused by a parasitic thyristor or
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a parasitic transistor and also a manufacturing method
therefor.

Still another object of the present invention is to
realize a semiconductor device having a large current
capacity and also a manufacturing method therefor.

A semiconductor device according to the present
invention comprises a p-type or n-type semiconductor
substrate, an n— layer formed on said substrate, and a
plurality of p-type layers formed in a well form in said
n— layer. In each of the above-mentioned p-type layers,
at least one n+ layer is formed. Insulated gate elec-
trodes are formed to face the regions in the n— layer
where the p-type layers are not formed. An emitter
electrode (source electrode) is so formed as to be con-
tiguous to the p-type layers and the nt layers. A collec-
tor electrode (drain electrode) is formed on the bottom
surface of the semiconductor device.

1t is also possible to form a material containing n-type
impurities, that is, PSG (phosphosilicate glass) for ex-
ample, and form n+ layers by diffusing the element
phosphorus in this PSG into the silicon cyrstal. In the
peripheral region where n+ layers need not be formed,
if part of the insulating film (oxide film) is left on the
surface of the semiconductor and PSG is formed on the
above-mentioned insulating film, the diffusion of the
element phosphorus into the silicon region is inhibited,
so that no n+ layer is formed.

The material containing n-type impurities (PSG, for
example) contributes to an improvement of the break-
down strength between the electrodes. By this method,
it is possible to form p-type layers, n+ layers, and PSG
side walls along the sides of the gate electrodes with self
alignment.

By using the manufacturing method of a semiconduc-
tor device according to the present invention, the mi-
crominiaturization of unit cells of a semiconductor de-
vice can be realized. As the structure of the unit cells of
a semiconductor is miniaturized, the current density per
unit area and the current capacity of the semiconductor
device can be increased.

DESCRIPTION OF THE DRAWINGS

FIG. 1A is a cross-sectional view of an embodiment
of the semicondcutor device according to the present
invention;

FIG. 1B is a plan view of the semiconductor device
of FIG. 1A;

FIGS. 1C to 1E show embodiments relating to the
construction of the peripheral area of the semiconduc-
tor device of FIG. 1A;

FIG. 2 is a plan view of another embodiment of the
present invention;

FIG. 3 shows a still another embodiment of the pres-
ént invention;

FIG. 4 shows yet another embodiment of the present
invention;

FIG. 5 is a plan view of a semiconductor device;

FIG. 6 is a cross-sectional view taken along the line
VI—V1 of the semicondcutor device of FIG. 5;

FIG. 7 is a diagram for explaining the turn-off wave-
forms of the semiconductor device according to the
present invention;

FIG. 8 is a diagram for explaining the transient state
of the semiconductor device according to the present
invention;

FIG. 9 is a diagram for explaining an additional em-
bodiment of the semiconductor device according to the
present invention,
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FIGS. 10A to 10F are diagrams for explaining an

embodiment of the semiconductor device according to
the present invention; and

FIG. 11 is a schematic cross section showing an em-
bodiment of the semiconductor device according to the
present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The present invention will be described with refer-
ence to the accompanying drawings showing preferred
embodiments.

FIG. 1 shows an embodiment of the semiconductor
device according to the present invention. A semicon-
ductor device 1 has a couple of main surfaces 101, 102.
Between the main surfaces 101, 102, the semiconductor
device 1 has the regions as follows: a p+ or n+ substrate
region 11 located contiguous to one main surface 101;
- an n— layer having a lower impurity concentration than
the substrate region 11 and located contiguous to the
other main surface 102; a plurality of p-type layers 13 of
a higher impurity concentration than that of the n—
layer, wherein those parts exposed at the other main
surface 102 are long and narrow and juxtaposed with
their longitudinal direction oriented in the same direc-
tion; n+ layers 14 having a higher impurity concentra-
tion than the p-type layers 13 and extending from the
other main surface 102 into the p-type layers 13,
wherein those parts exposed at the other main surface
12 are long and narrow with their longitudinal direction
oriented in the same direction as the p-type layers; and
an annular, peripheral p-type layer 15 extending from
the other main surface 102 deeper into the n— layer 12
than the p-type layers 13, surrounding the plurality of
p-type layers 13, while being contiguous to some of the
p-type layers 13. In the outermost p-type layer 13 in the
direction at right angles with the longitudinal direction
of the plurality of p-type layers 13, there is a piece of n+
layer 14, while in each of the other p-type layers 13,
there are two pieces of n+ layers 14. Reference numeral
2 indicates a first main electrode in ohmic contact with
the substrate region 11 at one main surface 101 of the
semiconductor substrate 1, and reference numeral 3
indicates a second main electrode in ohmic contact with
the n+ layers 14 and the p-type layers 13. This second
main electrode 3 is in ohmic contact with a p-type layer
13 by that side of the n+ layer 14 which is closer to the
peripheral p-type layer 15 in the outermost p-type layer
13, and also, the second main electrode 3 is in ohmic
contact with the exposed parts of the p-type layers 13
between two n+ layers 24. At the opposite ends of the
longitudinal direction of the p-type layers 13, the sec-
ond main electrode 3 extends beyond the nt layers 14
to the peripheral area and are in ohmic contact with the
p-type layers 13. Reference numeral 4 indicates first
insulated gate electrodes provided on the other main
surface 102 of the semiconductor device 1 with an insu-
lating film 5 interposed and each first insulated gate
electrode 4 extends from one n+ layer 14 formed at one
side of the adjacent p-type layer 13 to the other nt
layer 14 formed on the other side thereof. Reference
numeral 6 indicates a second insulated gate provided on
the other main surface 102 of the semiconductor sub-
strate 1 with an insulating film 7 interposed, and along
and above the peripheral p-type layer 15. The first insu-
lated gate electrode 4 and the second insulated gate
electrodes 6 are electrically connected. Reference nu-
merals 8 and 9 indicate insulating films formed above
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the first and second insulated gate electrodes 4, 6. The
second main electrode 3 extends on the insulating film 8,
and the adjacent second main electrodes are electrically
connected to each other.

According to this semiconductor device, those
contact parts between the p-type layers 13 and the sec-
ond main electrode 3 which are in the longitudinal
direction of the juxtaposed, long and narrow p-type
layers 13 and the other contact part which is at the
outermost position in the direction at right angles with
the longitudinal direction of those p-type layers 13 are
closer to the peripheral p-type layer 15 than the n+
layers 14, and therefore, the holes @ injected into the
n— layer 12 adjacent to the peripheral p-type layer 15
and the stored charge of the p-n junction can be ex-
tracted and put into the second main electrode 3
smoothly when the device is turned off. Because of this
and also because there is no parasitic thyristor or para-
sitic transistor in the deposited direction of the periph-
eral p-type layer 15, it is possible to obtain an IGBT or
a power MOSFET with high-speed switching capabil-
ity and high breakdown strength. In addition, by mak-
ing a peripheral p-type layer 15 of higher impurity con-
centration than that of the p-type layers 13, the high-
speed switching capability and the high breakdown
strength can be further improved.

FIGS. 1C to 1E show three kinds of embodiments
regarding the construction of the peripheral area of the
semiconductor device according to the present inven-
tion by which to explain the area including the main
electrode 3, the p-type layer 13, and the pt layer 15 by
using their enlarged views. FIG. 1C shows an embodi-
ment in which the main electrode 3 is in contact only
with the p-type layer 13. FIG. 1D shows an embodi-
ment in which the main electrode 3 is in contact with
the p-type layer 13 and the p+ layer 15. FIG. 1E shows
an embodiment in which the main electrode 3 is in
contact only with the p+ layer 15. As the contact area
between the main electrode 3 and the p+ layer 1§ is
increased, the effect of the present invention will be-
come more conspicuous, and the high-speed operation
and the high insulation strength can be realized. How-
ever, it is not desirable to form the pt layer so as to
extend to a region just below the gate electrode 4 be-
cause this will increase the threshold voltage of the
MOS gate.

The operation in the transient state of the semicon-
ductor device according to the present invention,
shown in FIG. 1, will now be described with reference
to FIGS. 7 and 8. Generally, semiconductor devices
such as the IGBT or the power MOSFET are most
commonly used with an inductive load. When an induc-
tive load is turned off, an over-voltage Vp occurs as
shown in FIG. 7. More specifically, when the inductive
load is switched from the state that a current I is being
supplied to the OFF state, the voltage V rises and the
current drops. At this time, Vry=LXdi/dt occurs
owing to the change rate di/dt of the current I and the
L component of the wire, and an over-voltage Vp de-
velops. This Vp often exceeds the breakdown strength
of the device, resulting in the destruction of the device.

A semiconductor device according to the present
invention, which is shown in FIG. 1, has a deep p-type
layer at the peripheral area and deep p-type layers in the
central area. Consequently, as shown in FIG. 8, the n—
layer is thin (L) in the peripheral area, while the n—
layer is thick (L.p) in the central area. Therefore, when
a voltage is applied to the emitter (source) and the col-
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lector (drain), the electric field is strong in the periph-
eral area where the n— layer is thin, providing chances
for an avalanche to take place easily. Once an avalanche
has occurred, holes @ and electrons are produced in the
peripheral area, the holes @ flow to the emitter (source)
and the elctrons © to the collector (drain), thus giving
rise to a large current. If there is a parasitic thyristor (in
an IGBT) or a parasitic transistor (in a power MOS-
FET) in the flowing path of the holes @, the parasitic
device operates, resulting in the device being destroyed.
In the present invention, however, there is no n+ layer
~ to form a parasitic device, a fact which provides the
semiconductor device with an advantage of having a
very high avalanche breakdown strength.

To be more specific, the provision of the deep p+
layer limits the region where an avalanche may occur,
the continuation of the p-type layer and the pt layer
limits the path of current when an avalanche occurs,
and the parasitic device above the current path has been
eliminated. With these features of the device, it is possi-
ble to achieve a great avalanche breakdown strength.
The present invention provides a substantial effect
when the present invention is used for the IGBT beca-
sue the electrons © produced by an avalanche causes
the holes @ to be injected from the p+substrate, thus
increasing the number of holes @ still further, so that
the breakdown strength is more liable to be decreased.

With an IGBT embodying the present invention
shown in FIG. 1A, the maximum current value when
the device is turned off is about one order of magnitude
greater than in prior-art IGBTs. The maximum current
in avalanche breakdown has increased about 20 times
greater than before.

FIG. 2 shows another embodiment of the present
invention. The device structure is almost the same as in
the embodiment of FIG. 1, excepting that the p-type
layers 13 are rectangular at the other main surface of the
" device, and accordingly, the n+ layers 14 formed in the
p-type layers 13 are rectangular. Also in this embodi-
ment, the n+ layer 14, formed in that outermost one of
the juxaposed p-type layers 13 which is contiguous to
the peripheral p-type layer 15, is located farther from
the peripheral p-type layer 15 than the contact parts
between the second main electrode 3 and the p-type
layers 13, so that the same effect as in the embodiment
of FIG. 1 can be achieved.

FIG. 3 is a still another embodiment of the present
invention. This embodiment is almost the same as the
embodiment of FIG. 1, the only difference being that
the contact area between the second main electrode 3,
and the p-type layer 13 and the peripheral p-type layer
15 at the outer periphery portion of the outermost n+
layer 14 has been made large. In the embodiment of
FIG. 1, the contact areas between the second main
electrode 3 and the p-type layers 13 are almost equal
across the whole range of the other main surface 102.
Therefore, in the embodiment of FIG. 1, the contact
resistance Rc between the second main electrode 3 and
the p-type layer 13 at the outer periphery portion of the
outermost n+ layer 14 is large, so that there is a possibil-
ity that a parasitic thyristor or a parasitic transistor
operates. In the present embodiment, on the other hand,
the contact area between the second main electrode 3,
and the p-type layer 13 and the peripheral p-type layer
15 has been made large to reduce the contact resistance
Rc, so that the risk involved in the embodiment of FIG.
1 can be eliminated. As the result of various experi-
ments, it has been confirmed that the voltage drop in
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turning off the device should preferably be 0.1 V or less.
In addition, according to this embodiment, since the
contact resistance Re is small, the holes injected into the
n— layer 12 and the charge stored when the device is in
the ON state can be quickly extracted and put into the
second main electrode 3, enabling the device to turn off
at higher speed than in the embodiment of FIG. 1. It
ought to be noted that the p-type layers 13 and the n+
layers 14 in the embodiment of FIG. 3 can be formed as
shown in FIGS. 1B and 2. FIG. 4 shows yet another
embodiment of the present invention. This embodiment
is almost identical with the embodiment of FIG. 1,
excepting that an n+ layer 14 is not formed in the outer-
most p-type layer contiguous to the peripheral p-type
layer 15, but an n+ layer 14 is formed in the p-type layer
13 which is the second inside from the outermost p-type
layer 13. Also in this embodiment, the contact parts of
the p-type layers 13 with the second main electrode 3
are located so as to be closer to the p-type layer 15 than
n+ layers 14. According to this device structure, an n+
layer 14 is provided away from that contact part be-
tween the outermost p-type layer 13 and the peripheral
p-type layer 15, and the second main electrode 3 which
serves as the path of chiefly the hole current and the
flow of the stored charge, and therefore, the effect of
the parasitic thyristor or the parasitic transistor can be
removed more securely than in the embodiments of
FIGS. 1to 3. The p-type layers 13 and the nt layers 14
in this embodiment may be formed as shown in FIGS.
1B and 2.

Description has been made of representative embodi-
ments of the present invention. However, the present
invention is not limited to those embodiments but can be
embodied in various forms.

In U.S. Ser. No. 233,007, a method is proposed for
forming an n+ layer by forming such a material contain-
ing n-type impurities as PSG (phosphosilicate glass) on
the side walls of the gate electrode, and then diffusing
the element P contained in the PSG into the silicon
crystal.

As an example of a manufacturing method of a semi-
conductor device according to the present invention,
description will be made of a method for fabricating a
semiconductor device according to the present inven-
tion from a material existing on the side walls of the gate
electrodes.

FIG. 9 shows an example of a semiconductor device
according to the present invention, manufactured by
this method. The semiconductor device according to
the present invention has a material 80 containing n-
type impurities formed on the side walls of the gate
electrodes 4. The material 80 is formed of PSG, for
example. Beneath the material 80, nt+ layers 14 are
formed by diffusion. In the peripheral area of the
semicondcutor device of FIG. 9, an insulating film 50 is
formed between the material 80 containing n-type im-
purities and the silicon region. Since the insulating film
50 inhibits the diffusion of the n-type impurities, no n+
layer is formed in the peripheral area . Owing to the
presence of the insulating film 50, the characteristic
structure of the semiconductor device according to the
present invention is realized.

An example of a procedure of the manufacturing
method of the semiconductor device according to the
present invention will be described with reference to
FIGS. 10A to 10F.

(1) After a p-type layer 15 is first formed by diffusion, an
insulating film 7 is formed. (FIG. 10A)
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(2) After oxide films 5, 50 are formed, gate electrodes
(polycrystalline silicon, for example) 4, 6, and an
insulating film (SiO3, for example) are deposited one
after another. Then, specified parts of the insulating
film 9 and the gate electrodes 4, 6 are removed by
anisotropic dry etching, for example. Next, positively
charged ions of dopant (boron, for example) are
caused to penetrate into the silicon in which the
boron ions diffuse to form p-type layers 13. (FIG.
10B)

(3) The oxide film 5 existing along the side faces of the
gate electrodes 4 is removed. In the peripheral area
(B), however, the oxide film 51 is not removed and
remains. (FIG. 10C)

(4) A material containing n-type impurities, PSG 80 for
example, is deposited on the whole surface area.
(FIG. 10D)

(5) By use of an anisotropic dry etching technique, a
side wall 80 of PSG is formed on the side faces of the
gate electrodes 4, 6. (FIG. 10E)

(6) The semiconductor device in process is then sub-
jected to heat treatment whereby the phosphorus in

- the PSG 80 is diffused into the p-type layers 13 to
form n+ layers 14. In the peripheral area (B), the

oxide film 50 remaining beneath the PSG film 80

inhibits the phosphorus from being diffused, so that

no n+ layers 14 are formed. (FIG. 10F)

(7) A source electrode 3 is deposited. Thus, a semicon-
ductor device of FIG. 9 is manufactured. (FIG. 9)
In the other embodiment, a semiconductor device of

FIG. 9 may be fabricated by using an n— substrate as a

starting material. Namely, an n+ region or a p+ region

11 may be formed by diffusion of impurities from one

surface of the substrate. P regions 13, 15 and n+ regions

14 may be formed by succeeding diffusions from the

other surface of the substrate. Of course, a semiconduc-

tor device of FIG. 9 may be fabricated by ion injections
instead of diffusions.

Lately, the trend has been towards reduction of the
dimension Lc (refer to FIG. 9) of a unit cell of the
IGBT in order to increase the output current density of
the IGBT. To be more specific, Lc is reduced to in-
crease the number of cells integrated per unit area,
thereby increasing the output current density. In the
semiconductor device of FIG. 9, it is possible to insulate
the electrodes 3 and 4 from each other by using the PSG
side walls 80. Furthermore, in the semiconductor de-
vice of FIG. 9, the p-type layers 13, n+ layers 14, insula-
tors 80, and the electrode contact holes are all formed
along the side walls of the gate electrodes 4 with self
alignment. Therefore, it is possible to reduce the size of
the unit cells of the IGBT by use of the manufacturing
method according to the present invention.

In the semiconductor device of FIG. 9 according to
the present invention, the turn-off current value has
been increased more than 20 times higher and the ava-
lanche current value has been increased more than 50
times higher than in the prior-art semiconductor device.

FIG. 11 shows a part of an embodiment of the semi-
conductor device according to the present invention.
An insulating film 25 (SiO3, SiN, for example) is pro-
vided on the side face of the gate electrode, and on the
side face, a material 26 containing impurities of one
conductivity is formed. The material 26 may be PSG,
which is an insulator, or a conductive polysilicon. This
material 26 is insulated securely by the insulator 25. The
provision of the conductive material 26 makes it possi-
ble to use the material 26 as an outlet electrode of the
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n+ source layer 14, and also makes it possible to pro-
vide a wide contact area between the n+ source layer
14 and the source electrode 3, so that the contact resis-
tance can be reduced.

In the foregoing, the present invention has been de-
scribed with reference to a case where the n—-p-nt
layer is formed on the substrate, but this invention can
be applied also to the formation of a p—-n-p+ layer on
the substrate.

We claim:

1. A semiconductor device having two main surfaces
comprising:

a semiconductor substrate of a first or second conduc-
tivity type forming one of said main surfaces and
having a first main electrode formed on said main
surface;

a first semiconductor region of the first conductivity
type formed on said semiconductor substrate and
forming the other main surface;

a plurality of second semiconductor regions of the
second conductivity type exposed at said other
main surface, wherein the second semiconductor
regions are arranged side by side so that longitudi-
nal axes of said second semiconductor regions are
parallel to one another, wherein said second semi-
conductor regions include a pair of end second
semiconductor regions located, respectively, at the
ends of the plurality of second semiconductor re-
gions so that one of said end second semiconductor
regions is adjacent to one peripheral area of the
other main surface while the other of said end
second semiconductor regions is adjacent to an-
other peripheral area of the other main surface, and
wherein the second semiconductor regions further
include a plurality of interior second semiconduc-
tor regions located between said pair of end second
semiconductor regions;

a plurality of insulated gate electrodes, each formed,
with an insulating film interposed, on said other
main surface and on said first semiconductor region
located between adjacent ones of said second semi-
conductor regions and on portions of said adjacent
ones of said second semiconductor regions;

third semiconductor regions of the first conductivity
type respectively formed extending from said other
main surface into said second semiconductor re-
gions so that a portion of each of said third semi-
conductor regions is located beneath an end of one
of said insulated gate electrodes, wherein said third
semiconductor regions include a pair of end third
semiconductor regions respectively formed in the
pair of end second semiconductor regions;

a fourth semiconductor region of the second conduc-
tivity type located adjacent to peripheral sides of
only the second semiconductor regions said periph-
eral sides being paraliel to the longitudinal axes of
said end second semiconductor regions, said fourth
semiconductor region being formed to extend into
said first semiconductor region deeper than all of
said second semiconductor regions and having a
higher impurity concentration than an impurity
concentration of said second semiconductor re-
gions;

a second main electrode in contact with said second
semiconductor regions and said third semiconduc-
tor regions with a low resistance at said other main
surface; and
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means for electrically connecting said second main
electrode to said fourth semiconductor region,

wherein in the end second semiconductor regions
adjacent to said fourth semiconductor region, the
contact part between said second main electrode
and said respective end second semiconductor re-
gions is located at a peripheral side with respect to
the contact part between said second main elec-
trode and said respective end third semiconductor
region.

2. A semiconductor device according to claim 1,
wherein portions of said second semiconductor regions
exposed to said other main surface have a stripe shape
extending in one direction.

3. A semiconductor device according to claim 1,
wherein portions of said second semiconductor regions
and said third semiconductor regions exposed to said
other main surface have a stripe shape extending in one
direction.

4. A semiconductor device according to claim 1,
wherein portions of said second semiconductor regions
exposed to said other main surface have an island shape,
and portions of said third semiconductor regions ex-
posed to said other main surface have an annular shape.

5. A semiconductor device according to claim 4,
wherein said second semiconductor regions are formed
respectively locally and in regular succession.

6. A semiconductor device having two main surfaces
comprising:

a semiconductor substrate of a first or second conduc-
tivity type forming one of said main surfaces and
having a first main electrode formed on said main
surface;

a first semiconductor region of the first conductivity
type formed on said semiconductor substrate and
forming the other main surface;

a plurality of second semiconductor regions of the
second conductivity type exposed at said other
main surface, wherein the second semiconductor
regions are arranged side by side so that longitudi-
nal axes of said second semiconductor regions are
parallel to one another, wherein said second semi-
conductor regions include a pair of end second
semiconductor regions located, respectively, at the
ends of the plurality of second semiconductor re-
gions so that one of said end second semiconductor
regions is adjacent to one peripheral area of the
other main surface while the other of said end
second semiconductor regions is adjacent to an-
other peripheral area of the other main surface, and
wherein the second semiconductor regions further
include a plurality of interior second semiconduc-
tor regions located between said pair of end second
semiconductor regions;

a plurality of insulated gate electrodes, each formed,
with an insulating film interposed, on said other
main surface and on said first semiconductor region
located between adjacent ones of said second semi-
conductor regions and on portions of said adjacent
ones of said second semiconductor regions;

third semiconductor regions of the first conductivity
type respectively formed extending from said other
main surface into said second semiconductor re-
gions so that a portion of each of said third semi-
conductor regions is located beneath an end of one
of said insulated gate electrodes, wherein said third
semiconductor regions include a pair of end third
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semiconductor regions respectively formed in the
pair of end second semiconductor regions;

a fourth semiconductor region of the second conduc-
tivity type located contiguous to respective periph-
eral sides of the end second semiconductor regions
said peripheral sides being parallel to the longitudi-
nal axes of said end second semiconductor regions,
said fourth semiconductor region being formed to
extend into said first semiconductor region deeper
than all of said second semiconductor regions and
having a higher impurity concentration than an
impurity concentration of said second semiconduc-
tor regions; and v

a second main electrode in contact with said second
semiconductor regions and said third semiconduc-
tor regions with a low resistance at said other main
surface,

wherein in the end second semiconductor regions
contiguous to said fourth semiconductor region,
the contact part between said second main elec-
trode and said end second semiconductor regions is
located at a peripheral side with respect to the
contact part between said second main electrode
and said respective end third semiconductor re-
gions.

7. A semiconductor device according to claim 6,
wherein portions of said second semiconductor regions
exposed to said other main surface have a stripe shape
extending in one direction.

8. A semiconductor device according to claim 6,
wherein portions of said second semiconductor regions
and said third semiconductor regions exposed to said
other main surface have a stripe shape extending in one
direction.

9. A semiconductor device according to claim 6,
wherein portions of said second semiconductor regions
exposed to said other main surface have an island shape,
and portions of said third semiconductor regions ex-
posed to said other main surface have an annular shape.

10. A semiconductor device according to claim 6,
wherein said second main electrode in contact with said
end second semiconductor regions contiguous to said
fourth semiconductor region with the low resistance is
extended over said fourth semiconductor region.

11. A semiconductor device according to claim 6,
wherein said second semiconductor regions are formed
respectively locally and in regular succession.

12. A semiconductor device having two main sur-
faces comprising:

a semiconductor substrate of a first or second conduc-
tivity type forming one of said main surfaces and
having a first main electrode formed on said main
surface;

a first semiconductor region of the first conductivity
type formed on said semiconductor substrate and
forming the other main surface;

a plurality of second semiconductor regions of the
second conductivity type exposed at said other
main surface, wherein the second semiconductor
regions are arranged side by side so that longitudi-
pal axes of said second semiconductor regions are
parallel to one another, wherein said second semi-
conductor regions include a pair of end second
semiconductor regions located, respectively, at the
ends of the plurality of second semiconductor re-
gions so that one of said end second semiconductor
regions is adjacent to one peripheral area of the
semiconductor regions is adjacent to another pe-
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ripheral area of the other main surface, and
wherein the second semiconductor regions further
include a plurality of interior second semiconduc-
tor regions located between said pair of end second
semiconductor regions; 5

a plurality of insulated gate electrodes, each formed,
with an insulating film interposed, on said other
main surface and on said first semiconductor region
located between adjacent ones of said second semi-
conductor regions and on portions of said adjacent
ones of said second semiconductor regions;

third semiconductor regions of the first conductivity
type respectively formed extending from said other
main surface into said second semiconductor re-
gions so that a portion of each of said third semi-
conductor regions is located beneath an end of one
of said insulated gate electrodes, wherein said third
semiconductor regions include a pair of end third
semiconductor regions respectively formed in the
pair of end second semiconductor regions;

a fourth semiconductor region of the second conduc-
tivity type contiguous to only the end second semi-
conductor regions, and contiguous to the end third
semiconductor regions, said fourth semiconductor
region being formed to extend into said first semi-
conductor region deeper than all of said second
semiconductor regions and having a higher impu-
rity concentration than an impurity having a higher
impurity concentration than an impurity concen-
tration of said second semiconductor regions; and

second main electrodes, one of said second main elec-
trodes being in contact with at least one of the end
third semiconductor regions and said fourth semi-
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conductor region with a low resistance at said
other main surface and another of said second main
electrodes being in contact with the second semi-
conductor regions and the third semiconductor
regions with a low resistance at said other main
surface in areas other than the peripheral areas of
said other main surface,

wherein with regard to said at least one of said second

main electrodes, the contact part between said
second main electrode and said fourth semiconduc-
tor region is located at a peripheral side with re-
spect to the contact part between said second main
electrode and said respective end third semicon-
ductor region which is contiguous to said fourth
semiconductor region.

13. A semiconductor device according to claim 12,
wherein portions of said second semiconductor regions
exposed to said other main surface have a stripe shape
extending in one direction.

14. A semiconductor device according to claim 12,
wherein portions of said second semiconductor regions
and said third semiconductor regions exposed to said
other main surface have a stripe shape extending in one
direction.

15. A semiconductor device according to claim 12,
wherein portions of said second semiconductor regions
exposed to said other main surface have an island shape,
and portions of said third semiconductor regions ex-
posed to said other main surface have an annular shape.

*16. A semiconductor device according to claim 12,
wherein said second semiconductor regions are formed

respectively locally and in regular succession.
t 3 * * * *



